Twenty seven bacterial isolates were isolated from superficial brown discolorations on the caps of cultivated Agaricus bisporus. After White Line Assay (WLA) and the assist of Biolog computer-identification system, isolates were divided into groups: (I) comprised ninteen bacterial isolates that positively responded to a Pseudomonas "reactans" reference strain (NCPPB1311) in WLA and were identified as Pseudomonas tolaasii, (II) comprised two isolates which were WLA+ towards the reference strain (JCM21583) of P.
INTRODUCTION
Agaricus bisporus "button mushroom" is one of the most commonly cultivated mushrooms in more than 70 countries and accounts for 40% of the worldwide production (4) . A. bisporus contains antioxidants (26) , conjugated linoleic acid (5) and high amounts of vitamins D and B (14) . A very recent study found that women consumed fresh mushrooms daily, were 64% less likely to develop breast cancer and risk was reduced by 90% (32) . Mushrooms have a short postharvest shelf life compared to most vegetables as they have no cuticle to protect them from microbial attack and are highly susceptible to pathogens and to discoloration induced by storage (28) . The high respiration rate and water content facilitates their microbial spoilage, their high tyrosinase and phenolic content makes them susceptible to enzymatic *Corresponding Author. Mailing address: Microbiology Department, Faculty of Science, Ain Shams University, 11566 Abbassia, Cairo, Egypt.; E-mail: m_abouzaid@sci.asu.edu.eg Pathogenic variation in isolates of Pseudomonas browning (2) . Pseudomonads bacteria are present in compost and play a key role in the cultivation of Agaricus. Different studies explained the role of Pseudomonas species (e.g. P.
putida) in the induction of mushroom fruiting body (6) .
However, bacterial pathogens present in most casing material, even after pasteurization, participate in disease occurrence which is found to be associated with bacterial population size on mushroom caps rather than on the casing (17) . Bacterial blotch is endemic in mushroom houses, affecting mushroom quality and yield. The disease has typically been identified as being mainly caused by Pseudomonas specie. P. tolaasii causes Agaricus brown blotch whereas P. gingeri causes Agaricus ginger blotch (7) . Blotch usually appears on mushrooms of any age even on refrigerated or over-wrapped ones. Spotting is observed at or near the cap edge and also on stems at the contact points between two mushrooms and the spots sometimes enlarge covering the entire cap (7) . P. tolaasii produces pale yellow lesions, which later become rich chocolate and sometimes sunken associated with tissue collapse (29) . Some saprophytic Pseudomonads in the compost may play a role through interacting with P. tolaasii and are known as P. "reactans" (29) . This bacterium cause only light brown discoloration that sometimes gets darker with time (8) .
A study in Finland proved the pathogenicity of P. costantinii, as another causal agent of brown blotch disease in button mushroom (19) . However, P. tolaasii is the major studied species which produces a low-molecular-weight extracellular toxin, tolaasin, the primary elicitor of disease symptoms, while the lipopolysaccharide lipid A is the disease-inducing principal in P. "reactans" (27) . In Egypt, the bacterial brown blotch is not well known, and many mushroom farmers are not aware of the disease but concerns are now rising since blotched mushrooms are rejected by consumers and usually returned to suppliers.
Bacterial isolates
Pseudomonads bacteria described in the present study were isolated according to the method described by Lelliott and 
Production of fluorescent pigments
This is a key test for the identification of fluorescent Pseudomonads (15) . The Pseudomonas isolates were grown on KB medium and after 48 h of incubation at 25°C, an aliquot from each prepared suspension was streaked over another Petri dish containing KB medium. Inoculated plates were incubated for five days at 25°C and the developed bacterial cultures were examined with UV light. The reference strain of P. tolaasii was used as positive control whereas that of P. corrugata was the negative control. The test was repeated three times.
LOPAT profile
Tests for the Pseudomonads were carried out to determine the "LOPAT" profile (Levan production, Oxidase production, Pectinolitic activity, Arginine dihydrolase production, and Tobacco hypersensitivity) for the isolated bacteria (15) .
White line assay
The WLA was performed on KB medium according to the method of Wong and Preece (30) 
Tests of pathogenicity
Pathogenicity tests were performed according to the method described by Olivier et al. (22) . Bioassays were performed using cubes (1 cm 3 ) of 1-day-old A. bisporus excised with sterile scalpel blades from the cap and were placed into a sterile petri dish containing a 50-mm-pore-size filter paper dampened with 750 ml of sterile distilled water.
Four cubes were placed 2 cm apart to eliminate crosscontamination by motile Pseudomonads. Bacterial isolates were cultured in KB medium to a density of 10 8 CFU ml -1 and 10 μl from the bacterial suspension of each isolate of P.
tolaasii and of P. "reactans" isolates was spotted over the surface of three cubes whereas the fourth cube was inoculated with sterile distilled water (as control). Petri dishes were sealed with parafilm and incubated at 22°C and observed daily for three days. Suspensions used to inoculate fresh mushroom caps were as following: 50 μl of P. tolaasii; 50 μl and 100 μl of P.
"reactans"; and 50 μl of a mixture of both suspensions. The degree of blotch discoloration was scored daily in comparison to controls inoculated with sterile distilled water after incubation at 22°C for three days. All bioassays were repeated three times in triplicates using different sources of fresh A.
bisporus.
RESULTS

Bacterial isolates
Bacterial isolates described in this study were obtained consistency. In addition, all the isolates were able to produce either yellow or yellowish-green pigments when cultured on KB media (Table 1) .
"LOPAT" profile
All isolates of P. tolaasii and those proposed to be P.
"reactans" showed the a similar "LOPAT" profile which is characteristic for the Pseudmonas group, tested isolates were:
Levan production (-); Oxidase production (+); Pectinolitic activity (-); Arginine dihydrolase production (+); and Tobacco hypersensitivity (-).
White line assay
All the isolates referred to as ECAGTI demonstrated the ability to form white precipitate in agar when grown against the reference strain of P. "reactans" (NCPPB1311) but not against Pathogenic variation in isolates of Pseudomonas each other or against the reference strain of P. tolaasii (Table 1) .
Four of the eight isolates referred to as ECAGRI showed the same character when grown near P. tolaasii (JCM21583) ( Table 1) .
These four isolates were proposed to be P. "reactans" but when streaked against the P. tolasii reference strain grown in the middle of the plate, they were different. Two of them, ECAGRI 1 and ECAGRI 6, strongly reacted (WLA ++) and were separated in the second group whereas the other two, ECAGRI 7 and ECAGRI 8, gave a weak reaction (WLA+) and were placed in a separate group (III) (Fig. 1) . It is important to point out that conservation on agar substrates and sub-culturing resulted in the attenuation or total loss of this character for the two bacterial isolates in group (II). Table 1 . Main differences in physiological and nutritional characteristics of P. tolaasii and P." reactans" isolates using Biolog system FPP=Fluorescent pigment production, YG=Yellowish-green pigment, Y=Yellow pigment; *White line assay run on KB medium (Wong and Preece, 1979), -= absence of character whereas + = a weak WLA reaction and ++ = a strong WLA reaction. 1, 3 and 4) . The rest of isolates scored more than 97% in relation to each other (Fig. 2) . Three of the eight P. "reactans"
ECAGRI 6). Pathogenic variation in isolates of Pseudomonas
Biolog profile of Pseudomonas isolates
isolates which are referred to as ECAGRI in the other two groups were identified using the same Biolog system as P.
fluorescens, two as P. gingeri, one as P. marginalis, and they were placed in third group (Table 2) . Table 2 . Identification of isolates of P. tolaasii and P." reactans" using Biolog identification system FPP=Fluorescent pigment production, YG=Yellowish-green pigment, Y=Yellow pigment; *White line assay run on KB medium (Wong and Preece, 1979) , -= absence of character whereas + = a weak WLA reaction and ++ = a strong WLA reaction. Pathogenic variation in isolates of Pseudomonas 
Pathogenicity of Pseudomonas isolates
Twenty one isolates including 19 isolates of P. tolaasii and 2 isolates proposed to be P. "reactans", as well as the reference strains caused browning of A. bisporus blocks. The browning scale varied and the incubation period which lasted for only 24 h at 22°C was sufficient to recognize the browning in Agaricus cubes inoculated with 10 l of P. tolaasii suspension containing 10 8 CFU ml -1 . Mushroom cubes treated under the same condition and with the same concentration of P.
"reactans" were not affected. At 48 h of treatment, a slight decrease in cube size inoculated with P. tolaasii was recorded whereas those treated with P. "reactans" developed a light browning color (Fig. 3) . In pathogenicity tests using the whole fresh sporophores, P. tolaasii isolates were also more aggressive, drops of 50 µl from suspensions of P. tolaasii applied to the surface of A. bisporus caps were sufficient to Pathogenic variation in isolates of Pseudomonas produce slightly sunken brown spots in the inoculation area ( Fig.   3 ) after two days of incubation at 25°C, whereas suspensions of the two P. "reactans" isolates resulted in a superficial light discoloration when assayed at a higher concentration (100 µl). A 50 µl mixture from both bacterial suspensions increased spotting size on the pileus without change in the color intensity (Fig. 3) . [2] 50 μl of P. tolaasii and P. reactans; [3] 100 μl of P. reactans; [4] 50 μl of distilled H2O (Control). Pathogenic variation in isolates of Pseudomonas
DISCUSSION
The discoloration is an undesirable phenomenon in mushroom houses and the markets and is a major factor in selection by consumers (28) . Most cultivated mushrooms are grown on sterilized substrates, and once a contaminant among hundreds of other fungi, bacteria, nematodes, gets a foothold, it flourishes in the absence of competition from other contaminants (3). Previous studies related pathogenic Pseudomonads to diseases affecting cultivated A. bisporus. Of the blotch-causing Peudomonads, the best characterized is P.
tolaasii which enters the mushroom farm in peat and limestone used in the casing process (31) . Once present, this bacterium is able to attach the mycelial surface of developing A. bisporus (23, 25) . Under UV light, colonies of the isolated pseudomonas species produced yellow to yellowish-green fluorescent color.
These isolates showed the "LOPAT" profile characteristic for that group and consistent with that reported by Lelliott and Stead (15) . The WLA is an accurate method for recognizing P.
tolaasii and P. "reactans" (29, 9) and this reaction results from a specific interaction between two diffusible lipodepsipeptides, tolaasin toxin by P. tolaasii (21, 24) These isolates shared a very high similarity (of 100% for some of them) to the reference strain of P. tolaasii except one which scored 89% and was weakly pathogenic to A. bisporus . The two Pseudomonas isolates in group (II) which produced typical white line (Characteristic to P. "reactans") against P. tolaasii reference strain were identified as Pseudomonas spp. The inability to reach the species level for them analyzing their nutritional profile is attributed to a fact that P. "reactans" is still a non-classified bacterium in the data bank of the Biolog system and known to produces an extracellular substance called "WLIP" which plays a role in the interaction with cultivated mushrooms (16) . The other two isolates with a weak WLA reaction against P. tolaasii, were identified as P. gingeri, Munsch and Alatossava (20) found that a strain of P. gingeri was able to produce a typical WLA when streaked towards a reference strain of P. tolaasii and they hypothesized that the bacterium produces some compounds behaving like the WLIP molecule and may be structurally identical or with similar biological function to the one produced by P. "reactans".
These two isolated were grouped together with other four, three of which were identified as P. fluorescence and one as P.
marginalis. Some American strains associated with cultivated mushrooms were assigned to P. fluorescence biovars III and V (29) and a similar conclusion was obtained through cross studies which related some mushroom associated P.
"reactans" isolates to representatives of P. fluorescence biovars II, III and V (18) . Inoculating suspensions prepared from P. tolaasii isolates induced dark brown discoloration and produced sunken chocolate lesions on the caps of fresh A.
bisporus. This characteristic pathogenicity distinguished P.
tolaasii from other fluorescent Pseudomonads especially P.
fluorescence (22) . The two isolates in the second group which are proposed to be P. "reactans", induced chestnut browning on mushrooms caps and this was evident only at higher concentrations. The remaining six isolates in group (3) exhibited normal discolorations that were consistent with that recorded on the negative controls and were therefore considered non-pathogenic isolates. The slight increase observed in the brown scale using a mixture from both bacterial suspensions confirms the previous finding of
